The extended Thomas-Fermi approximation for the ground-state energy of a many-fermion system is generalized to arbitrary spatial dimension. Our objective is a better understanding of convergence properties of such gradient expansions with a vie~to applications to systems of reduced dimensionality or esoteric geometry. The convergence is tested and found to be adequate by comparing to an exact result for the surface kinetic energy of a semi-infinite system. Both local and nonlocal contributions to the exchange energy are also given for arbitrary dimension. The extension to the thermodynamic free energy at finite temperature for arbitrary dimension is also discussed. In this paper, we give explicit results for the ETF ground-state energy functional for a many-fermion system in which the spatial dimensionality d is an arbitrary continuous parameter. We obtain the difficult nonlocal contributions through fourth order in powers of density gradients for the kinetic energy. This is known to be the appropriate level of approximation for three-dimensional systems, both for electronic systems" " and for nuclear applications, ' when parametrized density functions are used. We discuss interparticle two-body-interaction contributions to the localdensity approximation (LDA) and to gradient corrections to leading order in powers of the interaction and to second order in power of density gradients. We then study the convergence properties of the gradient-expansion series as a function of spatial dimensionality and find it to be satisfactory. This is an extremely important point. The starting point in our calculation is the classical partition function Z(P) for noninteracting fermions in the presence of an external single-particle potential V(r 
There have been several interesting studies recently of intrinsically inhomogeneous many-fermion systems which exhibit novel ground states (and presumably complete phase diagrams) which are related to the fact that their effective spatial dimensionality is less than three. Typically, this reduction in dimensionality is a consequence of strong externally applied fields of competing internal interactions or geometrical constraints. Examples would include an electron gas in very intense magnetic fields (which exhibits a filamentary crystalline structure with implications for the crust of neutron stars'), dense nuclear matter just below the nuclear saturation density2 s (which exhibits a bubble phase as well as phases of different geometry ') In this paper, we give explicit results for the ETF ground-state energy functional for a many-fermion system in which the spatial dimensionality d is an arbitrary continuous parameter. We obtain the difficult nonlocal contributions through fourth order in powers of density gradients for the kinetic energy. This is known to be the appropriate level of approximation for three-dimensional systems, both for electronic systems" " and for nuclear applications, ' when parametrized density functions are used. We discuss interparticle two-body-interaction contributions to the localdensity approximation (LDA) and to gradient corrections to leading order in powers of the interaction and to second order in power of density gradients. We then study the convergence properties of the gradient-expansion series as a function of spatial dimensionality and find it to be satisfactory. This is an extremely important point. The starting point in our calculation is the classical partition function Z(P) for noninteracting fermions in the presence of an external single-particle potential V(r). The expansion for Z(P) giving systematic corrections to the TF results is the signer-Kirkwood expansion. ' The parameter P is to be treated as a variable in calculating the free energy E at zero temperature. Expressing E in terms of Z(P) we obtain to fourth order in gradients, 
In order to test the convergence of this gradient. expansion for the kinetic-energy functional, exact results are required f' or a standard reference system. The surface energy of a bounded semi-infinite many-fermion system provides a suitable test case of physical interest for both electronic"»-i and nuclearis problems. We thus consider a plasma bounded by a (d -1)-dimensional hyPerPlane perpendicular to the z direction. Equation (4) gives the gradient expansion for the surface kinetic energy per unit area cr, =a-,0+0-»+~, 4+
. Assuming that the plasma is constrained to be in the region z~p by a Potential barrier of height Vp-& k$/2m when z «0, the electron density is, for this finite-barrier model (FBM), The numerical results in Fig. 1 show that the surface kinetic energy with fourth-order gradient corrections improves as the dimensionality increases. At the same time, the LDA a. ,o gets increasingly poor in the limit of large dimensionality.
The value of the electron density for z)) kr ' is ns=(2K&/d)k)I. The kinetic energy at dif- %e now turn to the effects of the interparticle interaction. ' %e give the exchange energy functional for the Coulomb potential e'r'~/ (d 2). -The LDA for the exchange energy and the first-order gradient correction are 
where Qz ---e'Q~. The factor (d -2) ' in Eq. (9) In Fig. 2 , the surface exchange energy given by Eqs. (11) and (12) The local parameter q(r) = (to(n (r) )/ks T is obtained from n(r) = (2mkttT/t')e'Eele(2 t{ri(r))
here the standard Fermi-Dirac integrals are defined by I I"(q) = (X+ I) tI'(q), but for the limiting case of X= -l.
Further corrections due to higher-order gradients and to interparticle interactions as well as applications will be given else~here.
for A. & -1 and otherwise by the recurrence relation
